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Abstract 
Indonesia is a second largest rubber-producing countries in the world with production of 3.18 million tons in 2013, after 
Thailand, and has a land area of the world's largest rubber plantation with an area of 3.56 million hectares in 2013. So the rubber 
and rubber goods are commodities that are very important and influential on the national economy. One of widely used product 
of the rubber is a sponge for floating media. The sponge is made of not only synthetic rubber, but also  natural rubber. In this 
research, DPNR was used as a raw material rubber to produce sponge of floating hose. The results showed that sponges are made 
of DPNR3 has a density of 0.1890 g/cm3, compression set at room temperature of 8.08%, and 19.11% at a temperature of 700C, 
while the original (DPNR1) has a density of 0.3018 g/cm3, 25.33% of compression set at room temperature, and 27.30% at a 
temperature of 70 oC. DPNR3 rubber can be used as raw material for the manufacture of sponges because the sponges which are 
obtained meet the technical specification requirements. 
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1.  Introduction 
 
Indonesia is a second largest rubber-producing countries in the world with production of 3.18 million tons in 
2013, after Thailand, and has a land area of the world's largest rubber plantation with an area of 3.56 million 
hectares in 2013. So the rubber and rubber goods are commodities that are very important and influential on the 
national economy1.  
In accordance with the development of technology, industrial rubber goods requires improved properties of 
natural rubber as a raw material, such as a low protein content. The trend of consumer demand for a variety of 
natural rubber in the market, and for the purposes of making a specific rubber goods are not only have to meet some 
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basic requirements, such as the degree of consistency of a higher quality, and minimum impurities, but also have to 
meet the requirements of the desired end product. 
One type of natural rubber products that are needed for special purposes is Deproteinized Natural Rubber 
(DPNR) or Low Nitrogen Natural Rubber (LNNR) which is made of latex through a purification process to remove 
components other than the rubber particles. Many experiments have been conducted to produce natural rubber with 
a low protein content, either solid rubber or latex. Solid rubber which has been reduced to its protein level is known 
as the DPNR or LNNR.  
Preparation of low protein, natural rubber this can generally be done in two ways, chemical and enzymatic 
treatment, including through the latex concentration by centrifugation or creamed2.  Protein content in natural rubber 
also affect the chemical and physical properties of natural rubber. Removal of the protein content of natural rubber 
will degrade the value of creep, stress relaxation, compression set, but increase the bouncing ability3, as well as 
lowering effect on human skin allergies4. As described above, sponge rubber is a major component of the floating 
hose products in which sponge rubber is used as  floatation media, which can be made of synthetic or natural rubber 
in order to support the function of the hose.  
Sponge rubber which is commonly available in the market is too high its density (>0.2 g/cm3), too large 
compression set  (>25%), and less resistant to the temperature process (<100oC)5, this resulted in difficulties in the 
manufacturing process and dimensional requirements of the end product. One alternative is to use DPNR as a raw 
material because DPNR has several advantages of its properties such as having a low nitrogen content, more 
resistant to water, reduces allergic reactions, easy to process, has high mechanical stability, and has good dynamical 
properties6,7.  
This study was conducted to make the sponge which fulfills requirement of floating media of floating hose like 
low density, low compression set, and better mechanical properties. Some testing and product characterization is 
performed using several ASTM standard. 
 
2.   Research Methodology  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.  Research Methodology 
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In this study, the raw material which is used is DPNR1 (centrifugation) and DPNR2 (enzymatic treatment), 
DPNR3 (Enzimatic and denaturant treatment). The raw material used is characterized  to measure density, 
compression set, and the rubber surface was analyzed using SEM. Rubber Raw Materials then formulated and 
molded into a sponge a product. Sponge rubber is then tested in the physical and mechanical properties. Flowchart 
of research methods can be seen in Figure 1.  
 
3.  Results and Discussion  
 
3.1  Characteristics of DPNR  
DPNR used as a raw material for making sponge in this study were three types of samples, namely DPNR1 are 
the result of centrifugation process, DPNR2 is the result of enzymatic treatment, and DPNR3 is the result of 
enzymatic and adding denaturant treatment. The properties of the samples used are given in Table 1.  
 
     Table 1. The properties of raw material  DPNR 
Samples  
Levels of N  Density  
(%)  (g/cm 3)  
DPNR1  0.19  0.9250  
DPNR2  0.11  0.8529  
DPNR3  0.03  0.8049  
 
It can be seen that the level of impurities of  DPNR3 is lower than other types of rubber. The high density of  
raw rubber may still contain many non-rubber components are trapped during the coagulation process of latex8,9.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.  Morphology of natural rubber (a) DPNR1 and (b) DPNR3 with magnification 10.000x. 
 
Figure 2 (a) gives a more clear information that the protein content in the samples DPNR3 smaller than the 
sample DPNR1. This indicated a change in the surface of natural rubber samples. Rubber particles are in the form of 
a gel which is surrounded by proteins and lipids. After experiencing the enzymatic deproteinization, small part of 
protein undergoes lost its polypeptide chain turned into short-chain polypeptides and amino acids, which are soluble 
in water so that the rubber particles rise to the surface in the form of dots, as shown in Figure 2 (b).  
3.2  Characterization of vulcanized DPNR 
Table 2 shows that the protein content in natural rubber will affect the nature of the vulcanization of natural 
rubber. The smaller the protein content of a rubber that is used, the less time it takes the rubber in achieving 
optimum conditions required during the vulcanization process begins. This is evidenced by a decrease in Scorch 
time from 13.24 to 5.24 minutes and during time from 13.29 to 11.19 minutes.  
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From these results indicate that in making finished goods that use DPNR requires energy and shorter processing 
time compared to using ordinary natural rubber10. This course will provide the cost savings are quite large. The 
mechanical properties of DPNR as shown in Figure. 3 shows an increase in quality as indicated by an increase in 
tensile strength where change of 19.31 to 55.19 kg/cm2.. This suggests that DPNR more elastic than usual natural 
rubber. 
Similarly, the value of tear strength and elongation at break of DPNR3 has a value greater than DPNR1. This 
shows that with the reduction of the impurity content of natural rubber will cause a chain poli-isopren work 
effectively against external forces given thus tensile and breaking strength will increase dramatically, as shown in 
Figure. 4 and Figure. 5.  
 
                      Table 2. properties of vulcanized DPNR.  
Characteristics vulcanization  DPNR1   DPNR2   DPNR3   
Hardness, Shore A  25  24  23  
ML, minimum torque (kgf.cm)  0.03  0.03  0.02  
MH, maximum torque (kgf.cm)  4.04  4.10  4.26  
TS1, Scorch time (min)  13.20  8.32  4.26  
TS2, Scorch time (min)  13.24  8.89  5.42  
TC10, Curing time (min)  13.20  8.56  4,11  
TC90, Curing time (min)  13.29  12.45  11,19  
 
 
 
 
Fig. 3. Tensile strength of DPNR.  
 
 
Fig. 4. Tear resistance of DPNR.  
 
0,00
100,00
DPNR1DPNR2DPNR3
19,31 32,71 55,19 
Te
ns
ile
 S
tr
en
gt
h 
(k
g/
cm
2 )
 
Sample 
Tensile Strength of 
DPNR 
 Ade Sholeh Hidayat et al. /  Procedia Chemistry  17 ( 2015 )  1 – 8 5
 
 
 
Fig. 5. Elongation of break (EAB) of DPNR.  
 
Improved mechanical properties of the rubber DPNR3 may cause by the formation of crosslinking degree is 
more than DPNR1, so the rubber DPNR3 is stronger than rubber DPNR111. Therefore, higher the degree of 
crosslinking of natural rubber,  has stronger to withstand the external forces on the rubber due to the formation of 
three-dimensional structure by crosslinking. It also will change properties of rubber from plastic to elastic. 
Vulcanization using sulfur in general will form poliisopren chains linked covalently to each other by groups of 
mono-, di-, and polysulfide12.  
 
 
Fig. 6.  Modulus 100% and 300% of DPNR.  
 
Increased elasticity of DPNR indicated by an increase of modulus 100% and 300%. This indicates that the 
rubber DPNR3 is more elastic than rubber DPNR1. This happens because the degree of regularity of DPNR 
poliisopren chain is higher than the natural rubber which causes increased elasticity. This is corresponding to the 
statement of Kadir. (1994)3 that removal of the protein content in natural rubber will degrade the value of creep, 
stress relaxation, compression set but increase  bounce ability.  
An increase in the mechanical properties of DPNR occur due to the influence of the density of crosslinking 
degree that occurs during vulcanization, so the rubber becomes more durable and resistant to the applied load.  
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Fig. 7.  Compression set of natural rubber.  
 
Value of compression set indicates withstand of rubber behind on the load and the working temperature. In 
other words, the smallest of compression set indicate that rubber has ability change to its original state when the load 
is released. From Figure. 7, it can be seen that the nitrogen content in the rubber affect the compression set at room 
temperature and at 70oC. Compression set of rubber at room temperature is smaller than at 70oC. This is caused by 
the rubber receives different loads. The pressure and temperature that occur in rubber causes the rubber is less able 
to return to its original state when the load is released all1.  
Rubber with higher nitrogen content (protein) has high a compression set. This suggests that it will be more 
easily degraded by the presence of workload and excessive temperatures due to the nature of the protein that are less 
resistant to temperature, so that the overall properties of the rubber will be decreased6,7.   
3.3  Characterization of sponge rubber  
The preparation of the formula in the rubber technology very important role in producing a finished rubber 
goods according to the expected quality of users. At this stage, technical knowledge and artistic abilities combine to 
produce the desired formula taking into account not only meet the technical specifications but also consider the cost 
of production.  
In this research, the preparation of a formula can be seen in Table 3. The formula obtained through previous 
study in order to obtain the optimum formula that is appropriate to raw materials used13. 
 
                                         Table 3.  Formula of sponge for floatation media. 
Material Compositions (phr) 
Rubber 100 
Activator 1 (Organic Compound) 1.0 
Activator 2 (Metal Oxide) 3.0 
Plasticizer (Petroleum) 5.0 
Accelerator 1 (Organic) 1.0 
Accelerator 2 (Organic) 1.0 
Vulcanisator (Sulphur) 0.2 
Blowing agent (Organic) 6.0 
 
Sponge rubber for floating hose should have fullfilled the technical requirements such as compression set <25% 
and the maximum density is 0.2 g/cm3. Those have to meet the technical specifications and dimensions of finished 
rubber products desired5.   
The measurement compression set for sponge rubber can be seen in Table 4.  
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                                  Table 4.  Compression set of rubber sponge.  
Samples  Compression set Compression set 
 
at temperature 250C  
(%)  
at the temperature 700C 
 (%)  
DPNR1  25.33  27.30  
DPNR2  14.38  24.73  
DPNR3   8.08  19.11  
 
Compression set of DPNR3 decline from 25.33% to 8.08% at room temperature and 27.30 into 19.11% at 70oC 
compared to DPNR1. Value of compression set required in order to be used as a floatation media is 25% maximum. 
This indicates that the sponge produced meets the requirements needed to make the floating hose. This suggests that 
the resulting sponge rubber meets the desired specifications as a flotation medium.  
 
 
 
Fig. 8. density of DPNR sponge.  
 
Figure. 8 shows that the density of sponge rubber that made of DPNR3 is smaller than DPNR1, in which 
density of DPNR3 is 0.1890 g/cm3, meanwhile DPNR1 is 0.3018 g/cm3. Sponges are made of DPNR3 gives good 
density value and meet the technical requirements, therefore, it can be used as a raw material to produce floatation 
media for floating hose. This is due to several factors such as the quality of raw materials, chemicals, and factors 
operating conditions. By considering these factors, the resulting sponge rubber will meet the technical specifications 
requirement5.   
 
3.4  Floating hose model 
In the future, to strengthen the hypothesis and prove that the sponge obtained in this study were required to 
meet the technical specifications, sponge rubber is used to manufacture a floating hose model. In this research, a 
model that would be created has a length of 500 mm and a diameter of 52.5 mm, as shown in Figure. 9. 
 
 
 
Fig. 9. Dimensional model of the floating hose. 
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The raw material used for manufacturing sponge has better quality and a low density. By doing this research has 
been found the formula, the type of raw material, and the optimum operating conditions in order to obtain sponge 
products. This means that in order to create a low density sponge, a low density of raw material may be used, 
therefore it would be relatively easy to reduce density of the desired sponge. In addition, the raw materials will be 
cost saving in the use of chemicals and utilities.  
 
Conclusion  
 DPNR3 has smaller density and compression set than DPNR1. Sponges are made of DPNR3 has density of 
0.1890 g/cm3, compression set of 8.08% at room temperature, and 19.11% at 70oC, while the sponge is made of 
DPNR1 has density of 0.3018 g/cm3, compression set of 25.33% at room temperature, and 27.30% at 70oC. Natural 
rubber that has undergone enzymatic deproteinization (DPNR3) can be used as raw material for manufacturing 
sponge because the sponge product can meet the technical specifications required for the flotation medium of 
floating hose.  
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